Introduction {#s1}
============

Tacrolimus (TAC) is an immunosuppressive drug used worldwide in the field of solid organ transplantation.[@R1] Besides its immunosuppressive effect, TAC also exerts an antiproteinuric action and it is therefore used in treating a variety of renal diseases.[@R3] In a lupus nephritis (LN) mouse model, TAC seemed to protect podocytes from injury both by stabilising the actin cytoskeleton and by inhibiting apoptosis.[@R5]

During the last years, there has been a growing interest in the possible role of TAC in the management of systemic lupus erythematosus (SLE). TAC ointment has been found to be effective for severe refractory cutaneous SLE manifestations, and more recently the attention has been focused on the potential role of oral TAC in the management of other SLE manifestations, especially renal.[@R6]

In Asian patients, TAC demonstrated to be effective as remission induction therapy as well as in refractory LN.[@R9] Less convincing data are available for non-Asian populations.[@R18] EULAR recommends calcineurin inhibitors (CINs) as an alternative therapy for class V LN, but uncertainty remains about their role in proliferative disease or in the maintenance of remission.[@R20]

The aim of this study was to analyse the real-life use of TAC in patients with SLE from three European referral centres.

Methods {#s2}
=======

This is a retrospective analysis of prospectively collected data from three European centres: Rheumatology Unit, University of Pisa, Italy; Autoimmune Diseases Research Unit, BioCruces, Hospital Universitario Cruces, Spain; Centre de référence maladies auto-immunes et systémiques rares d'île de France, Cochin, Paris, France. Adult patients with a diagnosis of SLE according to the 1997 ACR criteria, regularly followed at the three referral centres were included if they received ~~a~~ treatment with TAC for SLE manifestations.

For each patient, demographics, cumulative organ involvement and treatment history as well as concomitant medications were collected. Disease activity was evaluated using the Systemic Lupus Disease Activity Index (SLEDAI-2K) score at baseline and at 3--6--12 months after starting TAC; physician's judgement (PJ) at 3, 6, 9, 12 months was defined as 'complete resolution of symptoms', 'partial improvement' or 'no improvement'. Response was defined in presence of at least 'partial improvement' of symptoms.

At the same time-points, the following laboratory data were evaluated: serum creatinine, C3, C4, urinary sediment, anti-dsDNA antibodies. In addition, the presence of clinical or biochemical adverse events was assessed.

In patients who received TAC for LN, the response was evaluated according to the following criteria modified from Appel *et al*: response (R) was defined as \>50% proteinuria reduction as compared with initial values and stabilisation or improvement of creatinine with respect to the initial values. Renal response was defined as complete (CR) in the presence of normal creatinine (or return to initial values) with 24/hours proteinuria \<0.5 g and inactive urinary sediment (≤5 white blood cells per high-power field and ≤5 red blood cells per high-power field and a reading of lower than 2 on dipstick and absence of red cell casts).[@R21]

TAC was started in all patients at increasing dosage from 2 mg/day to 0.06 mg/kg/day; weekly plasma levels monitoring was performed until reaching the stable target level of 4--6 ng/mL. No dose reductions were required because of adverse events.

Continuous data are reported as median and IQR or as mean and SD as appropriate. Categorical data are reported as percentage. Comparison between groups were performed with Student's t test for paired groups. Statistical analysis was performed with STATA-13 software.

This study has been approved by the local Ethical Committee of the Coordinator centre (Comitato etico Area Vasta Nord Ovest, Azienda ospedaliero-Universitaria Pisana, protocol number 13855).

Results {#s3}
=======

Twenty-nine patients were included in this analysis; they were predominantly female (89%) with a mean age at enrolment of 38±9 years. Mean disease duration was 12.9±6 years. Ethnicity was predominantly Caucasian (82%), Black African (11%), Hispanic (3.5%) and Caribbean (3.5%). Cumulative clinical and serological manifestations of the enrolled patients are reported in [table 1](#T1){ref-type="table"}. Twenty patients (70%) completed the 12 months of follow-up; the median duration of the follow-up was 12 months (range 3--12 months).

###### 

Clinical manifestations, serological profile and treatments history of the patients

  Disease duration (years, median, IQR)   13; 7.5--17
  --------------------------------------- -------------
  Cumulative organ involvement            
   Renal                                  27 (93.1)
   Joint                                  27 (93.1)
   Skin                                   19 (65.6)
   Haematological                         18 (62)
   Serositis                              12 (41.4)
   Neuropsychiatric                       2 (6.9)
  Cumulative serology                     
   ANA                                    29 (100)
   Anti-dsDNA                             25 (86.2)
   Anti-RNP                               15 (51.7)
   Anti-Sm                                14 (48.3)
   aPL                                    12 (41.4)
   Anti-SSA                               11 (37.9)
   Anti-SSB                               3 (10.3)
  Previous IS therapies                   
   Azathioprine                           19 (65.5)
   Mycophenolate mofetil                  5 (17.2)
   Cyclophosphamide                       21 (72.4)
   Methotrexate                           5 (17.2)
   Rituximab                              12 (41.4)
   Belimumab                              4 (13.8)

ANA, antinuclear antibodies; Anti-RNP, anti-ribonucleoprotein antibodies; Anti-SSA, anti Ro/SSA antibodies; Anti-SSB, anti-La/SSB antibodies; Anti-dsDNA, anti-double stranded DNA antibodies; aPL, antiphospholipid antibodies; IS, immunosuppressive.

The main indications for TAC prescription were LN (82.7%), joint manifestations (10.3%), skin manifestations (6.8%), haematological manifestations (6.8%) and serositis (3.4%). Three patients suffered lupus activity at two different levels (joint and skin, renal and joint, renal and haematological).

In 65.5% of patients, TAC was a second-choice treatment either for the failure of, or for the intolerance to a previous immunosuppressive (IS) therapy; it was prescribed at a median daily dose of 4.5 mg (IQR 3--5.5).

The median number of previous IS was 2 (IQR 1--3). Previous IS therapies are detailed in [table 1](#T1){ref-type="table"}.

TAC was prescribed just before (n=2) or during pregnancy as first-line or as a second line treatment in two cases each.

Concomitant medications when TAC was started included glucocorticoids (GC) in 27 patients (93.1%; median daily dose 7.5 mg; IQR 3.75--12.5) and hydroxychloroquine in 24 patients (82.8%); as far as immunosuppressants are concerned, TAC was prescribed alone in 16 cases (55.2%), while it was associated to mycophenolate mofetil (MMF) in 8 patients (27.6%), azathioprine in 3 patients (10.4%), belimumab in 4 patients (13.8%) and rituximab in 2 patients (6.9%).

Clinical and serological data at TAC starting and at 3, 6, 12 months of follow-up are summarised in [table 2](#T2){ref-type="table"} and in [figure 1](#F1){ref-type="fig"}. Briefly, according to PJ assessment, at 3 months, there was a partial clinical improvement in 21 patients (72.4%); complete resolution of clinical features of activity in 9 (31%). Accordingly, a significant decrease in the mean SLEDAI, and a significant increase in mean C3 levels was seen ([table 2](#T2){ref-type="table"}, [figure 1](#F1){ref-type="fig"}).

###### 

Clinical and serological features at baseline and during the follow-up

                                         Baseline           P values   3 months, n=29; Renal, n=23   6 months, n=25; Renal, n=21   12 months, n=20; Renal, n=16
  -------------------------------------- ------------------ ---------- ----------------------------- ----------------------------- ------------------------------
  SLEDAI (median±IQR)                    8 (5.5--12)        \<0.001    4 (2--6)                      4 (2--6.5)                    3 (2--8)
  C3 (median, IQR) mg/dL                 74 (61---3)        0.02       81 (71--95)                   83 (72--99)                   84 (79--95)
   Renal subgroup                        65 (55--74)        0.01       79 (69--88)                   81 (71--90)                   83 (77--92)
   Extrarenal subgroup                   78 (62--85)        0.03       85 (78--95)                   86 (80--99)                   86 (81--99)
  Anti-ds DNA (%)                        75%                0.02       70%                           58%                           25%
   Renal subgroup                        82%                0.02       75%                           60%                           30%
   Extrarenal subgroup                   68%                0.04       68%                           50%                           20%
  Creatinine mg/dl (median±IQR)          0.7 (0.5--0.88)    n.s.       0.82 (0.6--1.1)               0.9 (0.6--1.17)               0.8 (0.6--1.07)
  24 hours proteinuria mg (median±IQR)   1425 (710--2630)   \<0.001    530 (135--1250)               350 (110--1000)               380 (140--1500)
  PJ partial improvement (%)                                           21 (75%)                      15 (71%)                      16 (94%)
  PJ complete resolution (%)                                           9 (32%)                       8 (38%)                       10 (58%)
  Renal response, N (%)                                                15 (65.2%)                    16 (76%)                      14 (87.5%)
  Renal complete response, N (%)                                       8 (34%)                       9 (47%)                       8 (50%)

PJ, physician's judgement.

![C3 and 24 hours proteinuria at baseline, 3--6--12 months of follow-up.](lupus-2018-000274f01){#F1}

Twenty-five patients had a follow-up on TAC of at least 6 months; partial clinical improvement was observed in 19 patients (76%) with complete resolution in 9 patients (36%). At 12 months of follow-up, partial improvement and complete resolution were achieved in 95% and 55%, respectively, of 20 patients.

Interestingly, among the 21 patients who responded to TAC within 3 months, only 4 of them showed a further clinical improvement at 6 months (from partial to complete response) ([figure 2](#F2){ref-type="fig"}). In addition, all non-responders at 3 months were still non-responders at 6 months or had discontinued treatment because of inefficacy.

![Kaplan-Meier analysis on time to renal response (A) and time to PJ improvement (B). PJ, physician's judgement.](lupus-2018-000274f02){#F2}

Renal involvement {#s3-1}
-----------------

At TAC initiation, active LN was present in 24 patients (82.8%); TAC was prescribed for a renal flare in 18 (75% cases) and for nephritis onset in 6 cases (25%). Kidney pathology was available for 23 patients: 12 diffuse proliferative LN, 1 localised proliferative LN, 6 membranous LN and 4 patients with mixed diffuse proliferative and membranous LN. Baseline renal features and at 3, 6 and 12 months of follow-up are shown in [table 2](#T2){ref-type="table"}. Proteinuria was significantly (\>50%) decreased at 3 months in 15 patients (62.5%); in 4 patients (16.6%), the reduction in proteinuria took 6 months with no further significant improvement recorded thereafter. No data were available for two patients and two additional patients discontinued the therapy before 6 months.

At 3 months (n=23), a response was observed in 15 patients (65.2 %) and a complete response was observed in 8 patients (34.7%); at 6 months (n=21), 16 patients (76.2%) were responders (42.8% complete responders), the same trend was maintained at 12 months of follow-up (n=16): 14 responders (87.5%), 8 complete responders (50%) ([figure 2](#F2){ref-type="fig"}).

Extrarenal manifestations {#s3-2}
-------------------------

Extrarenal disease features were present in eight patients ([table 3](#T3){ref-type="table"}): haematological in six patients (20.7%), arthritis in four patients (13.8%), serositis in two patients (6.9%) and/or cutaneous manifestations in two patients (6.9%). Interestingly, a partial or complete resolution of the extrarenal symptoms according to physician global assessment (PGA) was observed in five patients (62.5%) and, most importantly, in four of them, the response was achieved within the first 3 months of treatment. In three cases, TAC was ineffective; they were one patient with severe haematological manifestations (Evans syndrome), one patient with skin vasculitis and one patient with arthritis. As a whole, TAC was effective in three out of four cases (75%) in whom the main manifestation was arthritis.

###### 

Extrarenal manifestations

  PatientN, Sex   Age at TAC starting (years)   Disease duration(years)   Main indication for TAC   Extrarenal features                  Concomitant therapies     Outcome (PGA)
  --------------- ----------------------------- ------------------------- ------------------------- ------------------------------------ ------------------------- -------------------------------------------------
  1, M            18                            8                         Nephritis                 Arthritis, lymphopaenia              GC, HCQ, MMF              Renal: non-responder; Extrarenal: non-responder
  2, F            53                            13                        Extrarenal                Cytopenia (Evans Syndrome)           GC, HCQ                   Non-responder
  3, F            29                            14                        Extrarenal                Serositis, lymphopaenia, arthritis   GC, HCQ                   Complete response at 6 months
  4, F            21                            5                         Extrarenal                Arthritis, skin rash Cytopenia       GC, HCQ                   Complete response at 3 months
  5, F            35                            10                        Extrarenal                Skin vasculitis                      GC, HCQ, MMF, Belimumab   Non-responder
  6, F            63                            3                         Nephritis                 Anaemia, serositis                   GC, HCQ, MMF              Complete response at 3 months
  7, F            32                            13                        Extrarenal                Arthritis                            GC, HCQ, MMF              Partial response at 3 months
  8, F            35                            17                        Nephritis neutropaenia    Neutropaenia                         GC, AZA                   Partial response at 3 months

AZA, azathioprine; GC, glucocorticoids; HCQ, hydroxychloroquine; MMF, mycophenolate mofetil; TAC, Tacrolimus; PGA, physician global assessment.

We subanalysed the C3 trend in patients who received TAC for extrarenal manifestations and we found a significant increase in C3 levels in all patients.

Safety issues and drug discontinuation {#s3-3}
--------------------------------------

TAC was discontinued in nine pts (31%); reasons for discontinuation were drug intolerance in three cases (10%) after a mean of 5.3 months; inefficacy or disease relapse in four cases (13.8 %) after a mean of 8 months; disease remission in two cases (6.9 %). In these latter cases, the drug was continued for 12 and 3 years, respectively.

The three patients with adverse drug reactions that caused drug discontinuation had gastrointestinal intolerance, headache and cognitive impairment. In one case, recurrent mild episodes of infections were reported; in this case, TAC had been administered in association with GC and belimumab. No significant increase in creatinine levels was recorded during the follow-up ([table 2](#T2){ref-type="table"}).

Patients who discontinued TAC because of disease remission remained in remission after drug discontinuation. One of them had a mild renal flare with proteinuria \<1 g/day 2 years later, when prednisone was discontinued. Remission was easily attained without adding TAC to therapy.

Discussion {#s4}
==========

This study describes the use of TAC in a multicentre European lupus cohort, showing that TAC can be a valid therapeutic option also in non-Asian patients with SLE, especially those with LN and women with pregnancy wish. Although the majority of patients had renal involvement, other manifestations such as arthritis, serositis and cytopenias also improved at a rate similar to LN.

TAC demonstrated a rapid effect on clinical, urinary and serological parameters; in fact, in the majority of the cases, the response was observed within the first 3 months of therapy; a rapid decrease in proteinuria was observed and also a significant increase in complement levels and a reduction of global disease activity. This aspect is very important because a timely evaluation of the results is crucial in a treat to target therapeutic strategy. As far as drug toxicity is concerned, no severe TAC side effects were recorded in our case series.

In our series, TAC was combined with other immunosuppressive drugs (traditional or biologics) in 44% of the cases. Based on the experience in the field of the organ transplantation, literature data support the use of TAC in combination with other drugs, mainly MMF.[@R22]

Previous experiences on the use of TAC in Asian patients showed that it can be considered a valid alternative to cyclophosphamide (CYC) and MMF for induction therapy in LN[@R9] and as a second line treatment in refractory proteinuria[@R15] as well.

To the best of our knowledge, this is one of the largest series on the use of this drug in non-Asian SLE population. In such ethnic groups, data on combined therapy are conflicting and limited. Gordon *et al* successfully added TAC to MMF in six patients with LN who failed to respond to MMF therapy, with no treatment-limiting adverse effects.[@R18] On the contrary, less encouraging data came from the study of Lanata *et al* who added TAC (mean daily dose 3.4 mg) to MMF in seven Caucasian and Afro-American patients with SLE with LN (class III, IV, V alone or combined) refractory to MMF therapy. In this small cohort, toxicity was frequent compared with benefit, limiting the use of combined therapy in these patients.[@R19]

In our case series, 10 patients had membranous LN; some studies summarised in [table 4](#T4){ref-type="table"} support the efficacy of TAC particularly in the histological subtype of class V LN.[@R25]

###### 

TAC and membranous LN

  Authors                 Type of study                N    Disease manifestations                                                                         Primary outcome                                     Results
  ----------------------- ---------------------------- ---- ---------------------------------------------------------------------------------------------- --------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Tse *et al* [@R25]      Retrospective cohort study   6    Membranous/inactive LN and persistent proteinuria (\>1 g/day) + GC (≤ 0 mg/day) ± AZA or MMF   Change in proteinuria/24 hours                      Marked reduction of proteinuria by 50% or more.
  Szeto *et al* [@R26]﻿   Open-label study             18   LN (class V)                                                                                   Change in proteinuria/24 hours at 12 and 24 weeks   TAC safe and effective for pure class V LN. Faster resolution of proteinuria and lower risk of lupus flare within 1 year, compared to conventional treatment.
  Yap *et al* [@R27]      RCT                          16   LN (class V) with nephrotic syndrome                                                           Complete response at 24 months                      Both MMF and TAC (+GC) effective for severe membranous LN. The small sample size of the cohort precluded conclusions on the difference in efficacy between the two drugs.

AZA, azathioprine; GC, glucocorticoid; LN, lupus nephritis; MMF, mycophenolate mofetil; TAC, Tacrolimus.

Safety concerns, mainly regarding the possible nephrotoxicity and the incidence of hypertension and diabetes during therapy with CINs, may potentially limit the use of TAC in the long-term. Available literature data, however, show a good safety profile of TAC with stable serum creatinine and estimated glomerular filtration rate (eGFR) during prolonged follow-up.[@R27]

Regarding the potential side effects of inmmunosuppressive drugs, infections are among the most concerning. A recent meta-analysis compared the infectious risk with various immunosuppressive drugs and corticosteroids in patients with LN. The authors showed that TAC was associated with a significantly lower risk of serious infections compared with high doses GC and cyclophosphamide. However, it has to be underlined that all included TAC trials were of small sample size and performed in non-Caucasian patients.[@R28]

Very little is known about efficacy and safety of TAC for extrarenal SLE manifestations. Small studies in Asian patients suggest that adding TAC without increasing the GC dose may provide an effective treatment option for minor flares in patients with SLE particularly in treating joint, mucocutaneous and haematological manifestations.[@R29] Our data, despite the small number of patients, support this view.

One interesting finding of this analysis is the positive and rapid effect of TAC on serological parameters; it is well known that TAC exerts an antiproteinuric action through its haemodynamic effect of decreasing glomerular filtration rate by intrarenal vasoconstriction.[@R8] Moreover, in a LN mouse model, TAC seems to protect podocytes from injury both by stabilising their actin cytoskeleton and by inhibiting their apoptosis.[@R5] Thus, in theory the increased complement levels that we described could be related to a decrease in protein excretion from kidneys. To evaluate this hypothesis, we subanalysed the C3 trend in the small percentage of patients who received TAC for extrarenal manifestations and we found a significant increase in C3 levels in all patients. Thus, even if the little number could only suggest a trend, these data seem to confirm that TAC has got an immunosuppressive effect. Further studies on larger cohort should confirm this observation.

Our study is limited by the retrospective analysis and the small number of patients, particularly those with extrarenal manifestations. However, this is one of the largest group of non-Asian patients reported on a real-life setting. In addition, the three lupus cohorts contributing to this study are well characterised and coming from three different European countries (Italy, Spain and France).

The relatively short follow-up period of our case series is another limitation to be acknowledged in our study. Indeed, while efficacy in controlling disease activity has been rapidly demonstrated, a long-term follow-up is crucial to detect drug toxicity.

In conclusion, our data support the role of TAC as a useful immunosuppressive drug, with a high rate of success when added to previous therapy to refractory lupus patients with renal and non-renal disease. The safety profile was also very good, which reinforces a promising role of TAC in the therapeutic armamentarium of SLE.
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